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PREFACE. 

The  object  of  this  investigation  was  to 
study  the  floor  distribution  of  standard 
automatic  sprinklers.   The  work  was  of  a 
similar  nature  to  that  performed  in  the  past 
two  years  by  Senior  students  in  the  Fire 
Protection  Engineering  course  of  Armour 
Institute  of  Technology.   This  investigation 
will  probably  be  continued  with  the  ultimate 
object,  by  means  of  sufficiently  thorough 
and  exhaustive  tests,  and  by  the  curves  drawn 
and  data  compiled,  of  drawing  up  standard 
specifications  for  the  "Floor  Distribution 
of  Standard  Automatic  Sprinklers"  for 
Underwriters*  Laboratories. 

The  authors  wish  to  take  this  opportunity 
of  expressing  their  sincerest  thanks  to  Mr# 
H.  H.  Allport,  Assistant  Professor  of  Fire 
Protection  Engineering  at  Armour  Institute 
of  Technology,  and  to  Mr.  J.  E.  Evans,  of 
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the  Sprinkler  Department  of  Underwriters'  Lab- 
oratories, for  their  cooperation  In  this  In- 
vestigation* 

L*  A*  Foschlnhaur 

J*  S.  Eula 

R,  F.  Schrelner. 
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INTRODUCTORY . 
The  investigation  of  the  Floor  Distribu- 
tion *f  Standard  Automatic  Sprinklers  was 
carried^in  two  distinct  sections,  namely.  Dis- 
charge and  Distribution  and  will  be  discussed 
under  three  heads. 

Part  1«  Discharge 
Part  2.  Distribution 
Part  3.  Conclusions. 
A  brief  outline  of  the  object  of  each 
section  will  be  given  here,  while  a  detailed 
account  of  the  methods  of  test  will  be  treated 
separately. 

The  object  of  Part  1  is  to  secure  a  curve, 
by  means  of  which,  knowing  the  pressure  in 
pounds  per  square  inch  on  an  automatic  sprinkler 
head  in  operation,  the  discharge  in  gallons  per 
minute  may  be  directly  read. 

The  object  of  Part  2  is  (a)  to  secure  a 
"zone  distribution"  curve,  showing  the  distri- 
bution over  each  "zone"  in  gallons  per  square 
foot  per  minute  and  (b)  to  secure  a  "sector 


distribution"  curve  showing  the  distribution  ; 
over  each  "sector"  in  per  cent  of  the  theoret- 
ical amount  of  water  in  each  sector. 

The  object  of  Part  3  is  to  draw  conclus- 
ions, by  means  of  the  curves  secured  in  Part  2, 
as  to  the  pressure  and  distance  of  head  from 
ceiling  that  will  give  the  most  satisfactory 
floor  distribution. 

Later  on,  when  a  sufficient  number  of 
heads  have  been  tested,  general  conclusions 
can  be  drawn  and  specifications  drawn  up,  as 
to  what  shall  constitute  a  satisfactory  floor 
distiibotion« 
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Part 
DISCHARGE. 


a)      Apparatus  -  — 

The  apparatus  used  consisted  of  the  follow- 
ing: 

A  cylindrical  tank  of  four  feet  diameter 
with  a  capacits'^  of  two  hundred  and  fifty 
gallons.   The  contents  of  the  tank  was  read  by 
means  of  an  ordinary  gauge  glass,  calibrated  to 
read  to  tenths  of  a  gallon*   The  tank  could  "be 
emptied  by  means  of  a  quick  opening  outlet  valve 
at  the  bottom. 

The  sprinkler  head  to  be  tested  was  installed 
in  the  piping  as  shown  in  Fig.l,  with  the  addi- 
tion of  a  length  of  pipe  three  feet  long,  fast- 
ened to  the  swivel  pipe,  so  that  the  whole 
arrangement  could  be  swung  around  from  one  posi- 
tion to  another.   At  the  end  of  this  length  of 
pipe,  the  piezometer  connection  was  made  and  from 
this  connection,  a  rubber  patrol  hose  lead  to  the 
two  gauges,  one  reading  from  zero  to  fifty  pounds 
and  the  other  reading  from  zero  to  two  hundred 
pounds,  and  used  respectively  for  pressures  from 
zero  to  twenty-five  pounds  and  from  twenty-five 


pounds  up.   (See  Fig.  l) 

The  pressure  was  regulated  "by  means  of 
a  valve,  operated  by  a  long  stem  and  a  hand 
wheel.    The  water  supply  was  received  from  a 
Quimhy  Fire  Pump,  pumped  over  to  a  forty-five 
hundred  gallon  vertical  pressure  tank. 

The  flexibility  of  pressure  desired  was 
secured  by  means  of  an  air  cushion  in  the 
pressure  tank,  the  supply  of  air  being  received 
from  an  air  compressor. 

The  heads  used  were  165  degree  heads  of 
the  following  makes: 

The  Esty,  the  Niagara  and  the  Manuf acturerers • 

b)  -    Test  Method  . 

The  head  was  installed  in  the  piping  and 
the  tank  placed  in  position  so  that  the  head 
was  directly  over  the  center  of  the  tank*   On 
the  end  of  the  pipe,  placed  over  the  sprinkler 
head  was  an  inverted  galvanized  iron  cylindrical 
hood,  to  direct  all  the  discharged  water  into 
the  tank.   The  tank  was  made  perfectly  level, 
so  that  there  would  be  no  errors  in  the  reading 
of  the  gauge  glass. 


The  pipe  was  then  swung  away  from  the 
tank  by  means  of  a  large  pole,  to  a  sufficient 
distance  to  prevent  water  splashing  over  into 
the  tank  when  the  pressure  was  turned  on. 

The  pressure  was  then  adjusted  to  a 
definite  value,  by  means  of  the  long  stemmed 
valve,  after  the  zero  point  of  the  gauge  glass 
had  been  read,  and,  at  a  given  signal,  the 
head  was  swung  back  over  the  center  of  the 
tank.   A  five  or  seven  minute  run  was  made, 
during  which  time  the  pressure  was  kept 
constant.   At  the  expiration  of  the  time 
the  head  was  smng  away  from  the  tank  and  the 
pressure  turned  off.   After  the  surging  in 
the  tank  had  subsided,  the  gauge  glass  read-< 
ing  was  taken. 

Pressures  were  taken  at  five  pound 
intervals  from  sixty  poiuids  per  square  inch 
down  to  ten  pounds  per  square  inch  and  from 
there  down  to  three  pounds  per  square  inch  at 
one  pound  intervals. 


DISCUSSIONS  AND  RESULTS, 

From  the  data  obtained,  pressure  discharge 
curves  were  plotted.   The  pressure  in 
pounds  per  square  inch  was  plotted  as  abcissae 
and  the  discharge  in  gallons  per  minute  was 
plotted  as  ordinates.   From  the  resulting 
curves,  it  is  possible  to  find  the  discharge 
if  the  pressure  is  known,  and  vice  versa,  for 
each  head. 

By  studying  the  general  shape  of  the 
curves  it  is  seen  that  they  resemble  each 
other  to  some  extent  and  theoretically  they 
should,  because,  if  the  formula,  which  shows 
that  the  velocity  is  caused  by  a  certain  static 
head,  is  analysed,  it  is  seen  that  the  equa- 
tion is  of  the  second  degree  and  therefore 
when  plotted  on  coordinate  paper,  the  result- 
ing curve  is  a  parabola.  For  this  reason 
all  the  pressure-discharge  curves  resemble 
parabolas. 


If  an  equation  dT  the  second  degree  is 
plotted  on  logarithm  paper  a  straight  line 
will  he  ohtained.  If  the  data  obtained  in 
these  tests  are  plotted  on  logarithm  paper 
a  straight  line  will  he  ohtained  for  one  part 
of  the  test  and  another  straight  line  for  the 
second  part  of  the  test.   These  lines  will 
intersect,  if  extended.   This  fact  indicates 

cur-\/e 

then,  that  the  pressure  discharge^ is  really 
made  up  of  two  parabolas.   These  two  para- 
bolas have  slightly  different  slopes  because 
the  constant  in  the  equation  changes  slightly 
in  the  latter  part  of  the  test. 

If  a  detailed  study  of  the  pressure- 
discharge  curve  is  made,  it  is  seen  that  for 
pressures  up  to  about  40#  per  square  inch, 
the  Manufacturers  head  has  the  greatest  dis- 
charge, the  Esty  and  Niagara  heads  having  a 
lower  andi^ost  identical  discharge.   As  the 
pressures  go  above  40#  per  square  inch  the 
discharges  from  each  head  are  almost  equal* 


The  pressure  -reading  taken  on  the  gauge 
was  not  the  total  pressure  causing  the  dis- 
charge of  the  water,  but  represented  the  sum 
of  the  static  and  potential  heads.  According 
to  Bemoullls  Theorem,  however.  In  cases  of 
steady  flow,  the  pressure  causing  that  flow  Is 
made  up  of  three  factors;  viz:  velocity-head, 
potential-head,  and  static-head.  The  sum  of 
these  three  heads  at  any  section  of  a  pipe  is 
a  constant  quantity,  being  equal  to  the  sum  of 
the  corresponding  heads  at  any  other  section* 

Therefore  to  obtain  the  total  effective 
pressure  the  velocity-head  must  be  computed 
and  added  to  the  gauge  reading.   This  velocity- 
factor  correction  is  calculated  from  the  formula: 

Pv=  K*  q2 
This  is  worked  out  on  page  10    and  a  table 
of  the  velocity-correction  curve  points  is  in- 
cluded.  Prom  these  points  a  velocity-factor 
cruri/e  vsfc^s  dtziwn  Cine/ 

correction^was  then  added  to  the  pressure-dis- 
charge curves  for  each  head  and  the  resulting 
curves  drawn.  These  resulting  curves  now  show 
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the  effective  or ^otal  pressure,  causing  the 
discharge  from  the  sprinkler  head. 

The  Esty  and  Niagara  head  curves  are 
found  to  be  smooth,  wlille  the  Manufacturers 
head  curve  has  a  break  occuring  at  about  40# 
per  square  Inch  pressure.  By  studlng  Fig  3, 
which  shows  the  cross-section  of  the  three 
heads.  It  Is  seen  that  the  Manufacturers  head 
has  a  much  longer  shoulder  than  the  other  two 
heads*   By  the  shoulder  Is  meant  that  part 
of  the  head  from  the  top  of  the  orifice  to 
the  place  where  the  slight  enlargement  of  the 
Inside  diameter  occurs.   The  orifice  in  all 
three  heads  is  exactly  one  half  of  an  inch* 
Therefore  the  ratio  of  the  length  of  the 
shoulder  to  the  diameter  of  the  orifice  is 
largest  in  the  case  of  the  Manufacturers  head 
and  very  much  smaller  in  the  case  of  the  other 
two  heads.   Some  experiments  have  been  con- 
ducted on  similar  cases  and  it  was  found  that 
if  the  ratio  of  the  shoulder  to  the  orifice 
was  larger  the  break  would  occur  at  a  higher 
pressure,  and  If  the  ratio  was  decreased,  the 
break  would  occur  at  a  lower  pressure. 


( 

This  then  explains  why  there  is  a  hreak^ 
in  the  Manufacturers  head  curve  and  apparently 
none  in  the  case  of  the  other  two  heads*  The 
results  of  the  ahove  named  experiment  would 
seem  to  Indicate  that  a  break  ought  to  occur 
in  all  cases  where  there  is  a  shoulder*  Un- 
douhtedly,  this  is  so,  but  the  pressures  em- 
ployed in  this  test  for  the  low  discharges 
were  at  one  pound  intervals  until  a  ten  pound 
pressure  was  reached,  and  then  discharges  at 
five  pound  pressure  intervals  were  run*   If 
the  break  in  the  Esty  and  Niagara  discharge 
curves  occurs  at  some  low  pressure  below  one 
pound,  it  was  not  detected,  nor  was  it  attempt- 
ed to  do  so,  as  it  wasn't  practical  or  neces- 
sary for  the  purpose  of  this  experimentation* 
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SAMPLE  CATiUULATION 

PART  1 

Discharge 

Total  Gallons 

8f9 

Length 

of  run 

2  mln. 

gal.  / 

min. 

44,5 

Velocity  : 

Factor  CoTTectlon. 

a 

a  =  .7^54  d^ 

h-  q? 

=  feet  of 

water 

(.7S54-)''^  X  64.32  X  d^ 
Changing  to  pressure  in  pounds  /  sq,  in  the 
resulting  equation  is  : 

Pv=    («1337)^  X   12^  X   .434  X  q2  =^0^ 

h^5W^  '  xSi".3'^'  x  Sb'^-     3^  ^t*- 
Solving:        K=      .0011262Sf 

Pv=    .0011262^  X  q? 

Ifhere,  Pv=  pressure  correction  in  /A.  /  sq.  in. 

q  =  discharge  in  gallons  /  min. 

d  =  diameter  of  piezometer 

Since,  d  in  this  case  is  0.755  inch. 

k'=  .001 1262s  =  .00346623 
(■.75'5y^' 


// 


-^sing  the  new  constant, 

Pv  =  .00346623  x  q2 

Vel.  Factor  Correction  applied  to  curve;' 

Gallons  /  mln     =        44#5 

Gaus^  pressure    -  60  lbs  /  sq.ln. 

Vel.  Factor  Correction  =     6»fS5#  /   sq.in. 

(from  curve) 

Effective  Pressure  =        66. ^5#  /  sq.ln, 

P  A  R  T  2. 

Gauge  pressure    =         5#  /  sq,  in 

Velocity  Factor  Correction  =  1.00#  /  sq.in. 

(from  curve) 

Effective  Pressure  =         6#  /    sq.in. 

Total  discharge  (from  curve)  =  14.75  gals  /  mln. 

Theoretical  Q  /   sector  =    14.75  *  =  1.^43 

,5   .  gal  /  mln. 

weight  in  pan  #1   -        13.5  pounds 

Net  Y:eiglit  of  water  =       13.5  -  13  =.0.5  # 

Total  wt.  of  water  in  pan  #1 

(g  positions)    =   13  pounds. 

Total  water  in  zone  A  (6-7-l/2)= 

sums  of  pans,  1,  2,  ^  4      ) 
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(g  positions)  =  50.25  pounds 

Gallons  in  Zone     a- (5-7-1/2)=   50.25  *  ^.33  = 

6.03  gals. 

Gallons  /  sq.ft  /  Min.    in  Zone 

A-(6-7-l/2:^  ...^*^X       ^  =      .019  gal. 

(area  of  zone  63»61)  (  run  5  min.) 
sq.ft. 

Per  Cent  in  zone  A-(6-7-l/2  -6.03x100  _^   ^^  ^ 

14.75  X  5  "^'^^  " 
Total  pounds  in  Sector  1  -  Sum  of  pans 

1-12  =  36.45 

Total  gallons  in  Sector  1  =  36.45  *^.33=  4.37. 

Per  Cent  in  Sector  1  =  4.37  x  100  -  kj  ^h-  *fo 

1.S43  X  5 
(Theoretical  Q  =  1.^43  gal  /  min.) 


PART  2. 
DISTRIBUTION. 


/^ 


a)     Apparatus . 
I 

The  apparatus  used  for  this  part  of  the 

Investigation  consists  of  that  shown  in  Fig. 
1.      A  wooden  ceiling,  8*  x  8*,  was  attached 
as  shown,  with  the  vertical  pipe  entering  2* 
from  center  and  a  horizontal  pipe  of  such 
length  as  to  have  the  sprinkler  head  directly 
under  the  center  of  the  ceiling.   The  pressure 
gauges  were  arranged  as  In  the  illustration. 

Directly  under  the  center  of  the  ceiling, 
on  the  floor,  is  an  iron  base  swivel  which 
supports  &n  iron  carriage,  in  the  form  of  a 
45®  sector,  of  7-l/2  foot  radius.   Therefore, 
to  make  a  complete  revolution  about  the  center 
point,  eight  consecutive  positions  must  be 
taken.   A  definite  sector  was  taken  as  No.  1 
and  the  eight  sectors  were  numbered  consecutive- 
ly in  a  clock-wise  direction. 

On  the  sector  carriage  were  placed  twelve 
pans,  constructed  In  such  a  manner  that  they 
covered  the  entire  area  of  the  sector,  and 
would  catch  all  thenMO^er  over  that  area.   (See 
Fig.  2) 
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A  cover  of  galvanized  iron  was  arranged^ 
as  in  Illustration^  so  that  it  could  cover 
all  the  pans  when  this  was  desired.  (For  further 
details  of  sector  constructions  see  Rietz  & 
Pfaflins  thesis  on  'Design  of  Apparatus  for 
Floor  Distribution). 

As  mentioned  above,  the  sector  pans  were 
twelve  in  number  and  were  numbered  for  con- 
venience, with  No,  1  at  left  hand  of  the  ex- 
trejuity  of  sector.  No.  2  would  be  next  pan 
on  the  left  of  No.  1,  The  apex  pan  would 
therefore  be  No.  12. 

The  twelve  pans  comprise  the  sector, 
while  the  "zones"  are  comprised  as  follows: 


Pan 
No. 

Zone 

Area  Zone 
in  sq.ft. 

Distance  in  ft. 
from  center 

^1 

2 

A 

63.61 

6  to  7-1/2 

3 

4 

^7 

B 
C 

34.55 
28.27 

5  to  6 
4  to  5 

si 
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Pan 
No. 

Zone 

Area  Zone 
in  Sq.  ft. 

Distance  in  ft. 
from  center. 

9) 
10) 

D 

21.99 

3  to  4 

11) 

E 

15.70 

2  to  3 

12) 

F 

12.56 

0  to  2 

A  complete  'zone*  consists  of  the  eight 
sector  positions, 
b)     TEST  METHOD 

The  test  was  carried  on  in  the  following 
manner,  the  heads  "being  taken  in  the  following 
order:   The  Esty,  the  Niagara  and  the  Manufact- 
urers, running  complete  tests  on  one  before 
taking  another. 

The  sector  carriage  was  set  in  postion  1 
and  the  cover  rolled  over  the  pans.   The  dist- 
ance of  the  deflector  from  the  ceiling  was  then 

adjusted  to  3",  by  means  of  a  rachet  connection 

p/ciaec/  un  def-  c  en  tcK 
and  the  head^of  the  ceiling.   The  pressure  was 

then  turned  on  and  adjusted  to  5rff=  /   sq.  in.  true 
pressure  and  when  constant,  the  cover  was  re- 
moved and  the  pans  exposed.   For  5#  /  sq.  in. 
pressure  the  run  was  of  7  minutes  duration 
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while  for  other  pressures  it  was  of  5  minutes 
duration.  At  the  end  of  the  period,  the  cover 
was  pulled  hack  over  the  pans  and  the  water 
turned  off.  A  run  constituted  the  time  from 
which  the  sector  was  Just  uncovered  to  the 
time  when  it  was  just  being  covered,  the  cover- 
ing and  uncovering  being  done  in  the  same  direc- 
tion and  at  the  same  velocity.   When  the  dripping 
from  the  ceiling  had  ceased  the  cover  was  removed 
and  each  pan  weighed  separately  and  the  data 
recorded. 

The  ta^  weight  of  the  pans  were  as  follows: 


o. 

Wt.   in 

No. 

Wt.   in 

Lbs. 

Lbs. 

1 

13.00 

7 

12.50 

2 

12,75 

8 

12.80 

3 

12,75 

9 

10.60 

4 

12,75 

10 

11.25 

6 

14,4 

11 

14.00 

6 

14,75 

12 

13.50 

Runs  were  next  made  at  25#  /  sq,  in.  and 
then  at  50#  /  sq.  in,  pressure. 
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The  head  was  then  adjusted  to  6*  from 
the  ceiling  and  pressures  of  5#,  25#  and  50# 
/  sq*  in*  taken  as  ahove* 

The  process  was  then  repeated  with  the 
deflector  10"  froin  ceiling. 

This  completed  the  investigation  for 
the  Esty  head* 

The  same  test  runs  were  then  made  with 
the  Niagara  and  Manufacturers  heads* 

From  this  data,  calculations  were  made 
as  in  accompanying  sample*  Calculations  and 
the  "zone  distrihution"  and  "sector  distribu- 
tion" curves  were  plotted* 

In  plotting  the  former,  the  zone  in 
distance  from  center  in  feet  was  used  as  the 
abscissa  and  the  gallons  per  sq.  ft*  per 
minute  as  ordinate,  for  each  pressure  and 
each  position  from  the  ceiling* 

In  plotting  sector  distribution  curves, 
the  following  method  was  employed*  Instead 
of  using  rectangular  coordinates,  concentric 
circles  were  employed  to  represent  percent- 
ages* The  circles  were  divided  into  the  eight 
equal  sectors.   On  these  sector  lines,  the 
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percentage  of  the  actual  discharge  to  the 
theoretical  was  laid  off.  By  connecting 
these  points,  the  sector  distribution  of  the 
head  at  that  particular  pressure  and  dist- 
ance from  the  ceiling  was  shown, 
c)   Discussion  and  Results. 

Upon  examination  of  the  zone  distrihu- 
tion  curves  the  following  facts  are  evident: 

For  the  5#  per  square  inch  observed 
pressures  and  different  positions  of  deflector 
from  ceiling,  most  of  the  water  is  distribu- 
ted over  zones  F  and  E.   The  remaining  zones 
receive  a  very  much  smaller  though  relative- 
ly uniform  distribution. 

For  the  25#  per  square  inch  observed 
pressures  and  different  positions  of  de- 
flector from  ceiling,  the  distribution  is 
greatest  and  somewhat  uniform  in  zones  F, 
E  and  D.   In  the  remaining  zones  the  dis- 
tribution decreases  as  the  distances  from  the 
center  increase* 
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For  the  50#  per  square  inch  ohserved 
pressure  and  different  positions  of  deflector 
from  ceiling,  the  distrihution  is  more  uni*- 
form  throughout  all  zones  than  in  the  previous 
two  pressures. 

The  amount  of  water  thrown  outside  the 
pans  is  lowest  for  the  3  inch  position  of  the 
deflector  from  the  ceiling  and  increases  as 
the  distance  from  the  ceiling  is  increased. 

Upon  examination  of  the  sector  distrib- 
ution curves  the  following  facts  are  evident: 

For  the  5#  per  square  inch  observed 
pressure  and  different  positions  of  the  de- 
flector from  the  ceiling,  the  sector  dis- 
tribution was  relatively  unifonu,  averaging 
about  80^. 

For  the  25#  per  square  inch  observed 
pressure  and  various  positions  of  deflector 
from  ceiling,  the  sector  distribution  is  less 
uniform,  averaging  about  90^. 

For  the  50#  per  square  inch  observed 
pressure  and  various  positions  of  the  de- 
flector from  the  ceiling  the  sector  dis- 
tribution is  quite  varied. 


PART 
-3- 
CONCLUSIONS, 
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A  zone  dlstriTsutlon  curve  that  approach- 
es a  straight  line  and  has  the  greatest  per- 
centage of  water  within  the  zones,  is  the  ideal 
curve*  When  a  zone  distribution  curve  approach- 
es a  straight  line  it  demonstrates  that  the  dis« 
trihution  per  unit  area  is  equal  throughout 
the  entire  floor  space. 

A  sector  distribution  curve  is  "best  when 
the  curve  is  a  regular  octagon  with  its  points 
on  the  100^  circle,   A  curve  of  this  nature 
shows  that  an  equal  amount  of  water  was  dis- 
charged into  each  sector  and  the  percentage 
less  than  100  is  the  quantity  which  fell  out- 
side of  the  pans. 

The  following  heads  are  considered  to 
have  the  best  zone  and  sector  distribution 
curves,  under  the  conditions  mentioned: 

3  inch  position  and  5#  pressure 
Zone  Distribution    -      Manufacturers. 
Sector     "        -      Esty. 
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3  inch  position  and  25#  pressure. 
Zone  dlstriljution       -      Niagara 
Sector     "  -     Manufacturers, 

3  inch  position  and  50#  pressure. 
Zone  distrihution       -      Esty 
Sector     •  -      Niagara. 

6"  position  and  5#  pressure. 
Zone  distribution       -      Manufacturers 
Sector     "  e         " 

6"  position  and  25#  pressure 
Zone  distribution  -  Niagara 
Sector     "  -      Manufacturers 

6"  position  and  50#  pressure 
Zone  distribution       -      Esty 
Sector     "  -       • 

10"  position  and  5#  pressure 
Zone  distribution      -      Manufacturers 
Sector     "  -      Esty 

10"  position  and  25#  pressure 
Zone  distribution  -  Niagara 
Sector   "  -      Manufacturers. 
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10*  position  and  50#  pressure • 
Zone  distribution         -     Niagara 
Sector      "  -       " 

The  results  obtained  may  be  checked  only 
when  all  the  conditions  of  the  original  test 
are  duplicated  in  the  check  run.  The  follow- 
ing are  some  of  the  conditions  which  may  be 
easily  overlooked  and  yet  which  have  a  definite 
bearing  on  the  results  obtained: 
1.)  Position  of  the  pipe  holding  the  test  head 
and  through  which  water  was  supplied  to  the 
head* 

2.)  Position  of  the  arms  of  the  test  head  with 
respect  to  the  pipe  mentioned  in  (1). 
3»)  Location  of  sectors. 
4)   Service  Pressure. 

The  above  conditions  will  be  more  clearly 
understood  when  each  of  the  above  conditions 
is  considered  as  applying  to  each  head  separate- 
ly: 

1)  The  pipe  holding  the  test  head  was  point- 
ing east  and  West  coming  through  the  ceiling 
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in  the  western  half  and  tennlnatlng  under  the 
center  of  the  ceiling.   This  condition  was 
constant  for  all  three  heads  tested, 

2)  In  testing  the  Esty  head,  the  head  was 
screwed  in  tight,  with  the  arms  perpendicu- 
lar to  a  vertical  plane  through  the  supply 
pipe. 

The  Niagara  head  was  tested  with  its 
arms  in  the  same  vertical  plane  of  the  supply 
pipe. 

The  Manufacturers  head  was  tested  with 
its  anns  making  a  60^  angle,  in  a  counter 
clock-wise  direction,  with  the  vertical  plane 
of  the  supply  pipe. 

3)  This  vertical  plane  of  the  supply  pipe 
was  the  division  line  between  sectors  1  and  8. 
Sector  1  was  therefore  under  the  eastern  half 
of  the  stand  and  south  of  the  vertical  plane 
of  the  supply  pipe.  The  sectors  were  then 
numbered  consecutively  in  a  clock-wise 
direction. 
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4«)     Such  tank  pressures  were  used  as 
would  give  the  most  steady  flow  for  the  required 
discharge  pressure.   When  the  heads  were  run  at 
50#  per  square  inch  discharge  pressure,  the 
service  pressure  was  kept  at  about  lOO^^  /  sq«ln* 
For  the  25#  discharge  pressure,  the  test  was  made 
with  the  service  pressure  at  about  80#,  For 
the  5#  discharge  pressure,  the  run  was  made  at 
about  60#  service  pressure.   These  were  the 
same  for  all  the  heads.   The  above  named  ser- 
vice pressures  gave  a  steady  discharge  without 
much  variation  in  the  discharge  pressure,  there- 
by making  it  easy  to  hold  a  constant  discharge 
pressure  daring  the  length  of  run. 

If  the  above  named  conditions  are  not  du- 
plicated in  checking  the  results,  the  following 
differences  in  results  will  be  obtained. 

A  change  in  condition  (1)  or  (2)  will  make 
a  difference  in  the  amount  of  water  in  each 
sector,  although  the  total  amount  in  all  eight 
sectors  would  remain  the  same.   These  results 
would  give  different  sector  and  zone  distribu- 
tion curves  for  the  heads.  A  change  in  condition 

(3)  would  not  affect  the  zone  distribution  curve 

but  the,  t-elat/v-c  /=>osLtlcn  oT the  sector  c/istn hutt-on  c:ur\/e 
.would  be  changed.   A  change  in  condition  14) 


would  make  It  difficult  to  keep  the  discharge 
pressure  nnifonn  and,  therefore,  would  change 
the  amount  of  total  discharges.    The  general 
appearances  of  the  curves  would  he  very  little 
affected. 
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Fig.l. 
General  View  of  Apparafas, 


k 


IS 


1, 
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Fig. 2. 
Pans  Uncoirered. 
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Fig. 3. 
Mamifacturers         Esty  Kiacara 

Cross-Sectional  view  of  Heads. 


©    • 

boa 

^<-H 

aJS 

^    • 

O  (0 

«  iH 

f= 

•H    (0 

Ptt 

W 

CO 

rf   ra    OQ  M 
&  ©  .Q     . 

« 

H 

EH  J4  »q  o* 

g 

P4       OT 

e-i 

>» 

'^ 

+>  u 

-jj 

•H   O     •     •   Cl 

o  -p  M  ra  M 

O   O   O  ,Q     . 

i-i  oJ  u  M  o< 
©  &«         ca 

©  0}       a 
p  ©  ,Q    .  o 

oa  h  Ki  o<o 

CSP4        W 

<\ 

^\ 

©    • 

<tl 

«l 

O   OQ 

Ml 

^^ 

tt| 

q 

QO 

«l 

«« 

•          • 

f^ 

©  in    •  ;:] 

-«ll 

a 

:S  CO  in  M 

Wl 

^ 

o| 

^ 

>> 

Ml 

Gj 

■P  u 

<1 

•H   O      •      •   fl 

M| 

M 

O  4J   Jh  OJ  M 

s; 

O    O    O  ,0     • 

Ml 

iH  ofl  o  i-q  o* 
©  Pv              03 

HI 

©  0}         S3 

<«J| 

ftoin  00  M  h 

0   ©  ,Q     .  o 

•^1 

eO  ^4(-q  o<o 

o| 

ttPH         JO 

E^l 

oooooootoooooooooooo 

inoOiDQOvOOCVllOOOOOiOOOHWiHOiHiOO 

■^(Moaoto^-c-l>^-^-^otoo<o■^(^JO«o^ 


lOtOOOiOUJOOiOtOiOOWOOt-OiOOO 
C0t0l>-Wi0e^CX)0>Cn0^Ol0rH5*«O<0^0>t0 

lOrHmO^WrHOCT>e-T^O^tOC-r(<rHO^lOtf5 
vOtOmiO'^'^rJ'xJlWtOCOWWrHrHH 


lO  iC  O  O  lO  to  O  O  to  U3  lO   lO  O  O  O  O  to  00 
C0t0!SN<^JNQ00^0»0>lDt0r-I^O^0^0^«O 

«0  <0  U5  U5  ^()  ^  •^  ^  .^  5j<  ^  i;Jl  to  W  W  iH  pH 


oinowoajc-vDiotooiooioNOooioio 

OU3in'sj<'sJ<lOWl<5WtOtOCvI<MiHHH 


0«0000000000000t0 
tOiHOOiHOiOOOvOlOOiQirjr-l 

t<3CvIO00«0^iHCD<0WOO>t>'5iHN 
'^■^o^WtOtOeOiMWCvJWf-IHHH 


O»0UiOOOOOiOU5iOiOi0t0 
<OHISOU50U50Wt>'5»<WOt-lO 

U3HiOO'*a>WCDWOtOiHO>iOlO 
vDvOlOlO^COtONCvlr-trHiH 


OiOlOOOOOO»OlOlOUJlOtO 
*OpHe-OiOOU20t<3C--<#CV20I>-lO 

U3  vO  lO  U5  •^  •«*  «  to  N  pH  tH  H  iH 


ou50ioou50wom<MOaoioto 

U3U3U3^5^tOtOCV2CV}fHHiH 


>^ 


©  • 

M -H  o  <o  o  o  o  o  o  to  o  o  o  o  o  o  o  o  o  o 

0}^  U5  to  to  to  to  O  O  l>- to  too  O  lO  tO  «0  CD  to  to 

M    '  •..».. 

003  Tj<wocotO^<MODU)tOa>ooe-tOU5^tOco 

OH  ■*  "^  5j<  to  lO  «  to  CM  CVJ  CM  iH  H  H  H  iH  rH  rH  rH 
•H   CO 

•  • 

©03     .0  lO  O  O  O  lO  O  O  lO  O  O  lO  O  lO  lO  lO  t~  to  to 

PCQOJM  CDWlf5iHU5O«O00'^O»WrHOa»00^«OlO 

h©,a«  

Eh  ^1  >^  CT"  lO  rH  to  O  ^l*  a»  to  C- CVJ  tO  iH  O  a>  C- <i>  lO  •«#  to 

p^       OT  «O«OlOiO"<*nc0CM(MrHiHiH 

>». 
-P    >H 

•HO  •  .c  lo  o  o  o  lo  oo  lo  o  o  to  o  U3  m  lo  IS  to  to 

O+*f-»0lM  aOtOmrHU50tOCD'#0»CVJrHOO>QOt-«OlO 

000,0 

H  OJ  O  1-1  cr  <£)  «0  lO  UJ'^  ^  to  CM  CMHHH  iH 
©  Pm             <Z) 


a>  tn      fl 

boo:  n  M  ^4 
p  ©  .Q    .  o 


otootootootoou)oa>coi>(OU3'^tn 

tOiOiO'st'^IOCOCMMiHH 


32 


Gauge  CalTbration  Data. 


Gauge  #60  Model  K 
Foxboro 
0-50 

Gauge  #61  Model  K 
Foxboro 
0  -   200 

True  Press, 

flbs.   Press, 

True  Press,  flbs./press 

5 

5.50 

25 

27.00 

10 

10,75 

30 

30,00 

15 

15.75 

35 

35.00 

20 

20.5 

40 

40.50 

25 

25.75 

45 

45.00 

30 

30.75 

50 

51.00 

35 

35.50 

55 

55.00 

40 

40.75 

60 

60.00 

45 

45.75 

50 

50  X 
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VELOCITY  FACTOR  CORRECTION  DATA. 
Points  Calculated  for  velocity  factor 
correction  curve  from  equation: 
Pv=  ,00346623  X   q2 

Gals  /  Min.  Lt)s.  /  sq«  in* 

a  ^ 

5  .0^66 

10  •3466 

15  .7799 

20  1.3S64 

25  2,1664 

30  3,1196 

35  4.2460 

40  5.5459 

45  7.0190 

50  S.6655 

55  10.4^50 

60  12.47^4 
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